Background: stable haemodynamics is often achieved by administration of colloids after cardiac surgery.W ec onducted ap rospective, randomized, open-label study comparing haemodynamics and acid-base equilibrium after infusion of two rapidly degradable hydroxyethyl starch (Hes) solutions or human albumin (Ha) to cardiac surgical patients. Materials and Methods: 45 patients received apredetermined fixed dose of 15 ml kg -1 of either 6% Hes(mW 130 kda, n=15), 6% Hes(mW 200 kda, n=15) or 4% Ha (mW 69 kda, n=15) after on-pump cardiac surgery. Results: left ventricular filling pressures assessed using pulmonary artery catheter responded similarly in all groups. mean (sd) cardiac index was higher in Hes130 [3.5 l min -1 m -2 (0.7) ]and Hes200 [3.5 lmin -1 m -2 (0.5)] than in Ha [2.8 lmin -1 m -2 (0.6)] group after completion of infusion (p =0.002) but no differences were detected at 2 and 18 hours. oxygen delivery increased in both Hesgroups but not in Ha group. after cessation of infusion base excess was the most negative in Ha group. at 2h ours mean (sd) base excess was higher in Hes130 [0 (1.32)] than in Hes200 [-1.32 (2.27) ]and Ha [-2.3 (1.3)] group (p =0.002, between the groups).
Several studies in cardiac surgical patients have demonstrated stable haemodynamics during perioperative administration of hydroxyethyl starch (HES), human albumin (HA) or modified gelatin (1, 4-6) but no profound differences have been observed in cardiac performance after the postoperative administration of HES or HA (7-10). However,rapidly degradable HES solutions (molecular weight of 200 kDA or 130 kDa) areconsidered to maintain systemic haemodynamics morestable than HA during five day treatment in critically ill patients (11) (12) (13) . In the short term, however,HAhas superior resuscitation capacity when compared with HES in laboratory studies (14, 15) . HES and HA have also been shown to induce mild metabolic acidosis in patients undergoing normovolemic haemodilution during surgery (16) .
the aim of the present study was to comparet he haemodynamic response to HA (molecular weight 69 kDa) with two rapidly degradable HES (molecular weight of 130 kDa or 200 kDa) solutions after cardiac surgery.Since any acid-base disorder may be of clinical significance in patients undergoing cardiac surgery we also evaluated the possible effects of these colloids on acid-base equilibrium. the observations concerning whole blood coagulation of our patient population arepresented elsewhere.
MAtErIAlS AnD MEtHoDS this prospective, randomized, open-label study was approvedbythe Ethics committee for Surgery in the Hospital District of Helsinki and Uusimaa, and by the national Agency of Medicines in Finland. All patients gave written informed consent to participate in the study.Forty-five patients scheduled for elective cardiac surgery wereincluded in the study.P atients with coagulation disorders, significant renal or hepatic failure or preoperative left ventricular ejection fraction lower than 35% wereexcluded. Preoperative cardiac medication was continued untilthe morning of surgery,except for angiotensin-converting enzyme inhibitors and angiotensin II antagonists. Acetyl salicylic acid was discontinued five days beforesurgery.
During surgery patients had standardized general anaesthesia and cardiopulmonary bypass (CPB) was performed using ar oller pump with an on-pulsatile flow of 2.4 lmin -1 m -2 .the perfusion circuit was primed with 2000 ml of ringer's acetate and 100 ml of 15% mannitol. During CPB haematocrit was maintained above 0.20. the patients werea llowed to cool passively (nasopharyngeal tempera-ture3 0-32°C) and befored iscontinuing CPB they were rewarmed to above 35 ºC (bladder temperature) and above 36 ºC (nasopharyngeal temperature). Patients werea nticoagulated with unfractionated heparin, and after CPB the effect wasneutralized with protamine. After CPB, blood of theextracorporeal circuit was collected into nonanticoagulatedb ags and returned to the patients. Colloid solutions werenot given during surgery.
Upon arrival to the cardiac surgical intensive careu nit (ICU) the patients wereallocated in random order (allocation was by opening an envelope) to receive 15 ml kg -1 of one of the following infusions: the study infusion rate was adjustedtomaintainorachieve pulmonary capillary wedge pressure( PCWP) at least 10 mmHg andcardiac index >2.0 lmin -1 m -2 .Epinephrine infusion (0.02-0.2 µg kg -1 min -1 )was initiated when despite adequate PCWP cardiac index remained still <2 .0 lk g -1 min -1 .norepinephrine (0.01-0.1 µg kg -1 min -1 )was started whenever mean systemic arterial blood pressure was below 70 mmHg despite adequate filling pressures. After completion of the study infusion acetated ringer's solution was given according to aformentioned protocol. Haemodynamic and laboratory measurements wereperformed upon arrival to ICU (Pre), at the end of the study infusion (Post), two hours after the study infusion (2 h) and on the first postoperative morning (18 h).
Haemodynamic measurements included heart rate (Hr), mean arterial blood pressure( MAP), central venous pressure( CVP), pulmonary capillary wedge pressure( PCWP) and cardiac index (CI) as well as stroke volume index (SVI) measured by thermodilution technique in triplicate.
Arterial blood samples werea nalyzed for haemoglobin concentration, haematocrit, pH, P a o 2 ,P a Co 2 ,l actate, and ionized calcium. Standard serum bicarbonate concentration and standardb ase excess (BE) werec alculated by blood gas analyzer using Henderson-Hasselbalch equation and Siggaard-Andersen nomogram (17) . In addition, oxygen content (Cao 2 )a nd delivery (Do 2 )w erec alculated at Pre, Post, 2h and 18h.
All patients weres edated by propofol infusion (1-2 mg kg -1 h -1 )a nd mechanically ventilated at least 2h ours after cessation of colloid infusion.
In the ICU haemoglobin was maintained at or above 8.0 gd l -1 with redb lood cell concentrates (rBC). For the calculation of postoperative fluid balance (18 hours) the amount of acetated ringer's solution, blood products, the cumulative blood loss via chest tube drainage and urine output werer ecorded at the same time intervals as the haemodynamic measurements wereperformed. the power analysis was performed to detect a20%difference in cardiac index (standardd eviation 0.5) after the end of HES or HA infusions with an α-and β-error of 0.05 and 0.2, respectively.t oi nvestigate the effect of time and treatment, analysis of variance with the time as the repeated factor and group as the fixed factor was applied. the Fisher leastSignificance Difference (lSD) method was used aposteriori to identify the paired or unpaired differences within and between the groups. to further evaluate the impact of the study colloids on haemodynamics, the corresponding statistical analyses wereperformed in percentage increase or reduction in haemodynamic variables by each of the three treatments. these results aree xpressed as percentage change of the pre-infusion value (% of pre-infusion). Skewed data was analysed by Kruskal-Wallis analysis of variance on ranks. the results arer eported as mean with standarddeviation (SD) or range, or median and range. the α level was 0.05 for all statistical tests. Statistical testing was with the SigmaStat ® for Windows Ve rsion 2.03 (SPSS Inc., Chicago, Il, USA).
rESUltS
Patients inthe HES130,HES200 andHAgroups were comparable regarding demographic and operative data (table 1). All patients weremechanically ventilated 2hours after completion of colloid infusion. on the first postoperative morning four patients in each group werestill on mechanical ventilation. twop atients in the HES130 and in the HA group but none in the HES200 group received redblood cell (rBC) concentrates intraoperatively.
the median (range) infusion times were1 00 (70-240) min in the HES130, 105 (40-167) min in the HES200 and 95 (35-180) min in the HA group min, P=0.728 between all groups. the postoperative fluid balance (18 hours) is presented in table 2. no diuretics wereadministered intra-or postoperatively.there werenoreoperations due to any reason.
Hr, MAP,C VP or PCWP did not differ between the groups during the entires tudy period (table 3) . the mean CI and SVI wereincreased after the administration of all studied colloids in comparison with the baseline (Fig. 1A and 2A ). CI increased morei n the HES130 [to 3.5 lmin -1 m -2 (0.7) ]and HES200 [to 3.5 lm in -1 m -2 (0.5)] than in HA [to 2.8 lm in -1 m -2 (0.6)] group after the infusion (P =0.002) but no differences wereobserved at 2and 18 hours. In analysis of the percentage change of pre-infusion values, CI and SVI weremoreincreased in both HES groups in comparison with HA immediately after the infusions ( Fig. 1B and 2B) . At 2h and on the first postoperative morning the CI and SVI werec omparable between the groups.
Systemic and pulmonary vascular resistance were comparable between the study groups (P >0.05). the number of patientswho received low-dose norepinephrine (HES130 8/15patients, HES200 8/15 patients, HA 6/15, P=0.103 between all groups) or epinephrine (HES130 4/15 patients, HES200 6/15 patients, HA 5/15, P=0.741 between all groups) during the study period was not different between the groups. the number of patients receiving norepinephrine or epinephrined uringe ach haemodynamic measurement was also comparable between the groups (P >0.05 between the groups).
Haemoglobin concentration decreased morea fter HES infusions than after HA infusion (table 4) . on the first postoperative morning haemoglobin was higher in both HES groups than in HA group. Arte-rialP a o 2 was slightlym orei nt he HES130 than HES200 group on the first postoperative morning, P <0.05. oxygen content (Cao 2 )was lower in the HES groups than in the HA group after completion of the infusion (table 4) . At 18 hours Cao 2 was greater in both HES groups than in the HA group. the mean oxygen delivery (Do 2 )p arameters weren ot signifi- cantly different between the groups. the Do 2 was increased after the completion of the infusion, and at 2h,incomparison with baseline in both HES groups but not in HA group.
In analysis of the acid base status, pH was not different between the study groups but BE and bicarbonate decreasedl ess in both HES groups than in HA group after completion of the infusion and 2h ours thereafter (table 5) . At 2h BE and bicarbonate were significantly higher in the HES130 than in HES200 group, P<0.05. no differences weredetected in arterial P a Co 2 between the study groups. Mean lactate concentrations in plasma wereb elow 2.0 mmol l -1 (normalplasma concentration <2.4 mmol l -1 )during the study period, and no significant differences were seen within or between the groups.
DISCUSSIon
We evaluated haemodynamics and acid-base balance after infusion 15 ml kg -1 of HES130, HES200 or HA to patients after cardiac surgery.left ventricular filling pressures increased in all groups. Cardiac index was better instantly after HES130 or HES200 than after HA. In these mechanically ventilated patients with normal lactate concentrations, pH and P a Co 2 were comparable in the study groups but BE was the most negative after HA administration. the alteration in BE represents an abnormality in the non-respiratory acid-base state of our patients.
the instant positive effect on haemodynamics after 0.103 (9) 0.083 (7)* 0.092 (7) 0.101 (1)* .0102 (11) .0080 (9)* .0091 (7) .0101 (6)* .0100 (9) .0089 (7) .0093 (6) .0094 (7 HES replacement therapy is in accordance with the studies in critically ill patients (11) (12) (13) and ar ecent studyperformed in the early postoperative phase after cardiac surgery (18) . therea re also reports in which HES (hetastarch, pentastarch, HES 200 kDa or 130 kDa) and HA both improved haemodynamics comparably in patients undergoing cardiac (7-10, 19) or major abdominal surgery (20) . the lack of an effect of HA in our study may be due to our single dosing regimen during ashort time period. Although HES130 or HES200 had a superior immediate effect on cardiac index, the response to all three colloids was of equal magnitude at 2and 18 h. our finding might be related to ag reater plasma expanding effect of HES (MW 130 or 200 kDa) compared to HA (69 kDa) due to ahigher in vivo molecular weight (21) . this idea is supported by the lower haemoglobin concentration instantly after HES infusion in our study.this little difference in volume effect multiplied by heart rate manifests itself in cardiac performance, i.e. asignificant increase in CI and SVI after HES compared to HA. laboratory studies have demonstrated 5% HA to have asignificantly greater plasma-expanding effect and to improve haemodynamics morethan the same amount of 6% HES 130/0.4 (14, 15, 22, 23) . Ap ure experimental haemorrhage may not comparet ot he circumstances of the present study.V olume deficit after cardiac surgery is due to CPB related profound alterations in vascular endothelial barrier,rewarming induced vasodilatation, and fluid loss via chest tube drainage (24) . Infusing HES to our patients may have affected the results because of the capacity of HES to blunt the CPB-induced inflammatory process and endothelial activation (25) (26) (27) . In addition, the concentration of HA was also lower (4% versus 5%) in our study.
our investigation also shows that HES, butn ot HA, improved oxygen delivery.the improvement is most likely the consequence of augmented cardiac performance in HES group. In the present study at constant arterial P a Co 2 ,b etween the study groups, both the lowest BE and standards erum bicarbonate values weremeasured after HA administration indicating the metabolic origin of this deviation status. Compensatory mechanisms probably counteracted the effect of this difference on pH since mean pH ranged between 7.36-7.42 (normal laboratory reference range 7.35-7.45), no significant difference between the groups.
Both of our colloid types have large chloride concentrations. According to the Stewart approach adecrease in strong ion difference (SID =[ na ]+[ K]-[Cl ]-[lac ]) or an increase in proteins (negatively charged) will result in metabolic acid-base changes (28) . Unfortunately we have no data on chloride concentrations. our study disagrees with that of rehm and co-workers (16) , whose normovolemic haemodilution with HES or HA resulted in similar changes in the acid-base status of each group. Amorefavourable acid-base balance of HES group in this study may simply reflect to abetter cardiac performance.
the rationale for HA administration after cardiac surgery is the minimal effect on coagulation (29) . thereare also several studies demonstrating the lack of effect of albumin on patient outcome in the critically ill (30) or after surgery (20) . the choice of the optimal fluid for volume replacement needs careful consideration to different patient groups. this is supported by the present study showing HA to have a delayed haemodynamic impact and inducing acidifying changes in acid-base status after cardiac surgery.
In conclusion, immediately after cardiac surgery we found an delayed haemodynamic effect of HA solution in comparison with HES (Mw 130 kDa) and HES (Mw 200 kDa). All three colloids weree qually effective in restoring cardiac performance at 2and 18 hours after the infusion. HES130 induced no changes in acid-base equilibrium whereas the most negative base excess was observed after HA infusion. 
